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The asymmetric synthesis of cyclopropanes has been a topic 
of considerable interest and challenge over the past two 
decades.1 Seminal contributions from various groups have 
described methods for the stoichiometric2 and catalytic asym
metric3 synthesis of disubstituted cyclopropane derivatives 
utilizing the addition of a methylene group to an alkene. These 
studies have been instrumental in the synthesis of cyclopropane 
motifs that are of industrial relevance,4 cyclopropane compo
nents of natural products,5 and other derivatives of biological 
importance.6 In spite of much progress in the field, there are 
comparatively few methods for the asymmetric synthesis of 
enantiomerically pure tri- and tetrasubstituted cyclopropanes.7 

Although meritorious in several respects, some of these methods 
often afford cis/trans mixtures with acyclic substrates, and those 
generating bicyclic derivatives have been confined to a few 
examples only. These deficiencies have been addressed recently 
by Martin and co-workers.8 
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Scheme 1 

We describe herein an efficient and versatile protocol for the 
synthesis of diastereomerically pure or highly enriched substi
tuted cyclopropane derivatives endowed with functional diver
sity. The method consists in the highly stereocontrolled 
conjugate 1,4-addition of the anion of the frans-chloroallyl 
phosphonamide reagent 1 (BuLi, THF, -78 0C) to a,/3-
unsaturated carbonyl compounds, with the concomitant forma
tion of the corresponding cyclopropanes as a result of an 
intramolecular attack of the enolate upon the intermediate allylic 
chloride.9-1' The sequence is shown in Scheme 1 utilizing 
2-methylcyclopentenone as an example which gives the crystal
line endo,endo isomer 3 in 90% yield. Stereoselective reduction 
of the carbonyl group (NaBH4, MeOH, -40 0C), protection, 
and oxidative cleavage by ozonolysis affords the aldehyde 5, 
which can be epimerized to the exo,endo isomer 6. Alterna
tively, utilization of the cw-chloroallyl phosphonamide reagent 
2 with the same enone leads to the isomeric exo,endo product 
4 as the major isomer (>90:10) (Scheme 1). 

The nature of the a,/J-unsaturated carbonyl compound can 
vary appreciably as can be seen from the results listed in Table 
1. Thus, cyclopentenone and 2-methylcyclohexenone afford 
endo,endo-cyc\opropana.ted bicyclic products 7 and 8, respec
tively, in excellent diastereomeric purities (entries 1 and 2). The 
stereochemical identity of the products 3 and 7 was ascertained 
from single-crystal X-ray analysis of appropriate derivatives.9 

The method is equally well adapted for the diastereoselective 
cyclopropanation of a,/3-unsaturated y-lactones,8 (5-lactones, and 
y-lactams (entries 3—5) using the reagent 1. Again, the 
preponderant or exclusive product consisted of the endo,endo 
isomers 9—11 (entries 3—5), resulting from the same facial 
selectivity observed in the case of the cycloalkenones. Of 
particular significance were the results obtained with a,/3-
unsaturated esters, which further demonstrate the versatility of 
the method. Thus, ferf-butyl cinnamate and ferr-butyl sorbate 
afforded the corresponding ds,frans,frart.s-cyclopropane deriva
tives 12 and 13, respectively, as virtually pure diastereoisomers 
with reagent 1 (entries 6 and 7).12 Finally, fert-butyl crotonate 
gave diastereomerically pure cyclopropane analog 14 (entry 8), 
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Table 1. Asymmetric Cyclopropanations 
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Figure 1. 

which is enantiomeric with an immediate synthetic precursor 
to the antitumor agent anthoplanone.'-' 

The phosphonamide derivatives listed in Table 1 can be 
further manipulated by chemoselective reactions to generate 
hitherto unavailable, enantiomerically pure (or highly enriched), 
and functionally diverse cyclopropanes9 (Figure 1). For ex
ample, ring opening of the lactone 9 with the Weinreb reagent14 

followed by ozonolysis gave 9a, which was epimerized to 9b 
by treatment with DBU. In the case of 10, oxidative cleavage 
and reduction with sodium borohydride led to the ring-contracted 
y-lactone 10a exclusively. Oxidative cleavage of 11 afforded 
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the corresponding aldehyde 11a, which was cleanly epimerized 
to l i b . Selective ozonolysis15 of the propenyl side chain in 13 
(Table 1, entry 7) led to an aldehyde, which was further 
manipulated to give the differentially trisubstituted cis,-
transjrans cyclopropane derivative 13a as a single isomer. 

The highly diastereoselective formation of trisubstituted 
cyclopropanes from the (fl,fl)-phosphonamide reagents 1 and 
2 can be rationalized on the basis of previous observations from 
our laboratory.10 The approach of the carbonyl substrate, as 
exemplified by 2-methylcyclopentenone in Figure 2, most 
probably occurs from the more accessible "left cleft" of the 
reagent.16 This results in a favorable trajectory of attack of the 
y-chloroallylic anion on the re-face of the cyclic enone, leading 
to a Li-chelated enolate intermediate which expels chloride to 
give the observed product. It is also remarkable that a high 
level of stereochemical character is maintained in the anionic 
transition state in order to undergo clean intramolecular S\2-
like ejection of the intermediate chloride by the enolate.17 

The enantiomerically pure (or highly enriched) differentially 
substituted cyclopropane derivatives shown in Figure I and in 
Table 1 are versatile chirons in a variety of synthetic contexts. 
They should find extensive applications in the synthesis of 
natural and unnatural products of biological significance,18 in 
the construction of polyfunctional chiral templates and scaffolds 
for molecular diversity.19 and in further explorations of the 
fascinating chemistry of the cyclopropanes.2" 
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